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Description 

[METHOD OF FILLING INTERVALS AND 
FABRICATING SHALLOW TRENCH 
ISOLATION STRUCTURES] 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention relates to a semiconductor process. 
More particularly, the present invention relates to a 
method of filling intervals and fabricating shallow trench 
isolation structures. 

[0003] Description of the Related Art 

[0004] | n semiconductor manufacturing, devices are connected 
through conductive lines. In addition, a via plug is used to 
connect an integrated circuit device to a conductive line or 
the conductive lines in two different layers. To prevent a 
short circuit due to a direct contact, a dielectric layer or 
inter-metal dielectric (IMD) layer is interposed between a 
conductive line and a semiconductor device or between an 



upper conductive line and a lower conductive line (except 
for the place with via plugs). 
[0005] However, with an increase in the level of integration of 

semiconductor devices, size of each device shrinks so that 
the aspect ratio of the intervals between conductive lines 
increases significantly. Thus, filling the intervals between 
conductive lines with a dielectric material has become in- 
creasingly difficult. Furthermore, as the distance of sepa- 
ration between conductive lines is reduced, resistivity of 
the conductive line and the size of parasitic capacitance 
are critical factors in determining the speed of the device. 
To provide a sufficiently fast operating speed for a 
shrunken semiconductor device, the dielectric material 
isolating the conductive lines must meet some property 
requirements. The dielectric material not only must fill the 
intervals between the conductive lines completely, but 
also must have superior planarizing capacity. In addition, 
the dielectric material must also prevent the percolation of 
moisture and have a low dielectric constant to minimize 
parasitic capacitance between neighboring conductive 
lines. 

[0006] Typically, a high density plasma chemical vapor deposi- 
tion (HDPCVD) process produces a compact dielectric 



layer with both moisture blocking capacity and planarity 
superior to another dielectric layer formed by other chem- 
ical vapor deposition process. Hence, the HDPCVD process 
is the principal method of depositing oxide material to fill 
intervals. However, as the level of integration of integrated 
circuit devices continues to increase, the aspect ratio of 
the interval between neighboring conductive lines also in- 
creases correspondingly. Under such circumstance, even 
the HDPCVD process can hardly fill the intervals com- 
pletely so that voids are frequently formed within the di- 
electric layer leading to a drop in the overall production 
yield. 

[0007] Aside from an incomplete filling of intervals by the dielec- 
tric material layer, the same problem occurs in the fabri- 
cation of shallow trench isolation structures as well. As 
the level of integration increases, each active region must 
occupy a smaller area. Hence, the shallow trench isolation 
structures between the active regions must also be re- 
duced. In other words, the aspect ratio of the trench for 
forming the shallow trench isolation structure is reduced 
so much that even a HDPCVD process can hardly fill the 
trench with dielectric material. Since the yield in subse- 
quent processes is likely to be affected by any voids inside 



the dielectric layer, researchers are constantly on the 
lookout for a simple method for completely filling the in- 
tervals (or trenches) with dielectric material. 
Summary of Invention 

[0008] Accordingly, at least one object of the present invention is 
to provide a method of filling intervals capable of resolv- 
ing the problem of failing to completely fill the intervals 
with dielectric material using a high density plasma chem- 
ical vapor deposition in a conventional method. 

[0009] At least a second object of this invention is to provide a 
method of fabricating shallow trench isolation structures 
capable of resolving the problem of failing to completely 
fill the trenches with a dielectric material in a convention 
method so that voids are created within the dielectric ma- 
terial layer. 

[0010] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a method 
of filling intervals. First, a substrate with a plurality of 
protruding structures, for example, device structures 
thereon is provided. The device structures are distributed 
over the substrate such that intervals are formed between 
each other. Thereafter, a first dielectric layer is formed 



over the substrate so that the dielectric material fills the 
intervals between the device structures and covers the de- 
vice structures as well. The first dielectric layer also has a 
plurality of apertures therein located at a level above the 
top section of the device structures. A chemical/me- 
chanical polishing operation is performed to remove a 
portion of the dielectric layer and expose the apertures to 
form a plurality of openings. An anisotropic etching oper- 
ation is performed to increase the width of these open- 
ings. Finally, a second dielectric layer is formed over the 
first dielectric layer to fill the openings completely. 
1 ] This invention also provides an alternative method of fill- 
ing intervals. First, a substrate having at least a first 
opening thereon is provided. Thereafter, a first dielectric 
layer is formed over the substrate to fill the first opening 
and cover the substrate. The first dielectric layer has at 
least an aperture located above the first opening at a level 
higher than the top surface of the substrate. A portion of 
the first dielectric layer is removed to open the aperture 
and form a second opening. The first dielectric layer on 
the sidewalls of the second opening is removed to in- 
crease the width of the second opening. Finally, a second 
dielectric layer is formed over the first dielectric layer to 



fill the second opening completely. 

[0012] | n t his invention, a chemical/mechanical polishing opera- 
tion is performed to open the apertures within the first di- 
electric layer after the first dielectric layer is formed. Fur- 
thermore, an anisotropic etching operation is performed 
to increase the width of the openings (or the second 
openings). Thus, the openings (or the second openings) 
can be completely filled when the second dielectric layer is 
formed over the first dielectric layer. Ultimately, all the in- 
tervals (or the first opening) between various device struc- 
tures are completely filled with dielectric material. 

[0013] This invention also provides a method of fabricating shal- 
low trench isolation structures. First, a substrate having a 
patterned pad oxide layer, a mask layer and a plurality of 
trenches is provided. Thereafter, a first dielectric layer is 
formed over the mask layer to fill the trenches. The first 
dielectric layer has a plurality of apertures with their top 
section at a level higher than the upper surface of the 
mask layer. A portion of the first dielectric layer is re- 
moved to open up the apertures and form a plurality of 
openings. A portion of the first dielectric material at the 
sidewalls of the opening is removed to increase the width 
of the openings. A second dielectric layer is formed over 



the first dielectric layer to fill the openings. Finally, the 
first dielectric layer and the second dielectric layer outside 
the trenches are removed. 

[0014] | n the process of fabricating the shallow trench isolation 
structures, the apertures inside the first dielectric layer 
are opened up to form openings and these openings are 
subsequently widened. Thus, when the second dielectric 
layer is formed over the first dielectric layer, the openings 
are completely filled to form shallow trench isolation 
structures that are free of voids. 

[0015] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0016] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0017] pigs. 1A through 1C are schematic cross-sectional views 
showing the steps for filling intervals according to one 



preferred embodiment of this invention. 

[0018] pigs. 2A through 2D are schematic cross-sectional views 

showing the steps for fabricating shallow trench isolation 

structures according to one preferred embodiment of this 

invention. 
Detailed Description 

[0019] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0020] pigs. 1A through 1C are schematic cross-sectional views 
showing the steps for filling intervals according to one 
preferred embodiment of this invention. As shown in Fig. 
1A, a substrate 100 having a plurality of device structures 
102 thereon is provided. The device structures 102 are 
separated from each other by intervals 101. In one em- 
bodiment of this invention, the device structures 102 are 
conductive line structures, for example. These conductive 
line structures can be fabricated from different types of 
materials including, for example, aluminum-cop- 
per-aluminum silicon alloy or aluminum-copper alloy or 



copper. In another embodiment of this invention, the de- 
vice structures 102 can be gate structures, transistors, 
diodes or other semiconductor device structures, for ex- 
ample. 

[0021] a liner layer 104 is formed over the device structures 102 
and the substrate 100. The liner layer 104 is, for example, 
a silicon oxide layer formed by performing a chemical va- 
por deposition (CVD) process. The liner layer 104 serves 
to reduce the aspect ratio of the intervals between neigh- 
boring device structures 102. Thereafter, a dielectric layer 
106 is formed over the substrate 100 to fill the intervals 
101 between various device structures 102 and cover the 
device structures 102. The dielectric layer 106 has a plu- 
rality of apertures 108 located at a level higher than the 
top section of the device structures 102. The dielectric 
layer 106 is, for example, a silicon oxide layer formed by 
performing a high-density plasma chemical vapor deposi- 
tion (HDP-CVD) process. Note that there is no particular 
restriction on the type of reactive gases or inert gases and 
the applied bias voltage in the HDP-CVD process as long 
as the apertures 108 are set up at a level higher than the 
top section of the device structures 102. In one preferred 
embodiment, the reactive gases are silane and oxygen 



and the inert gas is argon. 
[0022] a s shown in Fig. IB, a chemical/mechanical polishing 

(CMP) operation is performed to remove a portion of the 
dielectric layer 106 and open up the apertures 108 to 
form a plurality of openings 110. Since the apertures 108 
are located in a position higher than the top section of the 
device structures 102, the apertures 108 are opened up 
without damaging the device structures 102 after the CMP 
operation. 

[0023] As shown in Fig. 1C, an anisotropic etching process is 

performed to increase the width of the openings 110. The 
anisotropic etching process is, for example, a wet etching 
operation using an etchant such as hydrofluoric (HF) acid 
solution. The purpose of widening the openings 110 to 
form openings 110a is to increase the aspect ratio of the 
openings 110. Thereafter, another dielectric layer 112 is 
formed over the dielectric layer 106 to fill the openings 
110a. The dielectric layer 112 is, for example, a silicon 
oxide layer formed by performing a chemical vapor depo- 
sition process using tetra-ethyl-ortho-silicate (TEOS) as 
the reactive gas. Note that the dielectric material is able to 
fill the openings 110a on the dielectric layer 106 com- 
pletely because the aspect ratio of the openings 110a is 



reduced. 

[0024] | n t his invention, a chemical/mechanical polishing opera- 
tion is performed to open the apertures 108 within the di- 
electric layer 106 after the dielectric layer 106 is formed. 
Furthermore, an anisotropic etching operation is per- 
formed to increase the width of the opening 110. Thus, 
the openings 110a can be completely filled when the di- 
electric layer 112 is formed over the dielectric layer 106. 
Therefore, all the intervals 101 between various device 
structures 102 are completely filled with dielectric mate- 
rial. 

[0025] | n addition, the aforementioned method can be applied to 
fill the intervals of various other types of device structures 
including, for example, gate structures, transistors, 
diodes or other semiconductor device structures. 

[0026] pigs. 2A through 2D are schematic cross-sectional views 
showing the steps for fabricating shallow trench isolation 
structures according to one preferred embodiment of this 
invention. As shown in Fig. 2A, a substrate 200 having a 
patterned pad oxide layer 202, a mask layer 204 and a 
plurality of trenches 206 is provided. The pad oxide layer 
202 is a silicon oxide layer and the mask layer 204 is a 
silicon nitride layer, for example. Furthermore, the 



trenches 206 are formed, for example, by etching the 
substrate 100 using the patterned mask layer 204 as an 
etching mask. Thereafter, a liner layer 208 is formed over 
the trenches 206. The liner layer 208 is, for example, a 
silicon oxide layer formed by performing a thermal oxida- 
tion process. 

[0027] a dielectric layer 210 is formed over the substrate 200 to 
fill the trenches 206. The dielectric layer 210 has a plural- 
ity of apertures 212 with its top section at a height level 
higher than the upper surface of the mask layer 204. The 
dielectric layer 210 is, for example, a silicon oxide layer 
formed by performing a high-density plasma chemical va- 
por deposition (HDP-CVD) process. Note that there is no 
particular restriction on the type of reactive gases or inert 
gases and the applied bias voltage in the HDP-CVD pro- 
cess as long as the top section of the apertures 212 are 
set at a level higher than the upper surface of the mask 
layer 204. In one preferred embodiment, the reactive 
gases are siline and oxygen and the inert gas is argon. 

[0028] As shown in Fig. 2B, a portion of the dielectric layer 210 is 
removed to open the apertures 212 and form a plurality of 
openings 214. The dielectric layer 210 is removed, for ex- 
ample, by performing a chemical/mechanical polishing 



(CMP) operation. Since the upper section of the apertures 
212 remains above the upper surface of the mask layer 
204, the apertures 212 are opened in the CMP operation 
without damaging the mask layer 204. 

[0029] As shown in Fig. 2C, a portion of the dielectric layer 210 
on the sidewalls of the openings 214 is removed to in- 
crease the width of the openings 214. The sidewall dielec- 
tric material is removed, for example, by performing an 
anisotropic etching process. The anisotropic etching pro- 
cess is a wet etching operation that uses an etchant such 
as hydrofluoric acid solution. The purpose of increasing 
the width of the openings 214 to form enlarged openings 
214a is to lower the aspect ratio of the openings 214. 
Thereafter, another dielectric layer 216 is formed over the 
dielectric layer 210 to fill the openings 214a. The dielec- 
tric layer 216 is a silicon oxide layer formed by perform- 
ing a chemical vapor deposition process using tetra- 
ethyl-ortho-silicate (TEOS) as the reactive gas, for exam- 
ple. Note that the dielectric material (the dielectric layer 
216) is able to fill the openings 214a completely because 
the aspect ratio of the openings 214a is reduced. 

[0030] As shown in Fig. 2D, the dielectric material (in the dielec- 
tric layer 210 and 216) outside the trenches 206 is re- 



moved so that an insulation layer 210a is formed in each 
trench 206. The excess dielectric material is removed, for 
example, by performing a chemical/mechanical polishing 
operation. Thereafter, the pad oxide layer 202 and the 
mask layer 204 on the substrate 200 are removed to 
complete the fabrication of shallow trench isolation struc- 
tures. 

[0031] | n the process of fabricating the shallow trench isolation 
structures, the apertures 212 inside the dielectric layer 
210 are opened up to form openings 214 and these open- 
ings 214 are subsequently widened. Thus, when another 
dielectric layer 216 is formed over the dielectric layer 210, 
the openings 214a are completely filled to form shallow 
trench isolation structures that are free of voids. 

[0032] An actual example is provided to illustrate the sequence 
of steps needed to fill the intervals completely according 
to this invention. First, a high-density plasma chemical 
vapor deposition (HDP-CVD) process is performed to de- 
posit a silicon oxide dielectric layer over the device struc- 
tures. The HDP-CVD process uses silane and oxygen as 
the reactive gases. The flow rate of silane is set between 
80 and 100 seem and the flow rate of oxygen is set be- 
tween 140 and 160 seem, for example. Furthermore, an 



inert gas such as argon is also passed during the HDP- 
CVD process. The flow rate of argon is set between 20 
and 40 seem, for example. In addition, the bias voltage for 
controlling the direction of the plasma is set to a rating 
between 4200 to 4500 Watts. The aperture is formed at a 
level higher than the top section of the device structure 
when the aforementioned parameters is used. 

[0033] A chemical/mechanical polishing operation is performed 
to open up the aperture. Because the aperture is higher 
than the top section of the device structure, the aperture 
is opened without damaging the device structure. 

[0034] An anisotropic etching process is performed using hy- 
drofluoric acid solution to enlarge the aperture opening. 
By increasing the width of the opening through an 
isotropic etching process, the aspect ratio of the opening 
is reduced. 

[0035] a plasma chemical vapor deposition process is performed 
to form another silicon oxide dielectric layer over the di- 
electric layer and fill the aperture opening completely. In 
the plasma deposition process, a reactive gas such as 
tetra-ethyl-ortho-silicate (TEOS) is used. Since the aper- 
ture opening has a smaller aspect ratio, the silicon oxide 
dielectric material can easily settle down inside the open- 



ing without forming any voids. In other words, all the in- 
tervals between the device structures are solidly filled. 
[0036] | n summary, an actual exampleis used to show the 

method of filling intervals according to this invention, in 
which the formation of voids in the dielectric material that 
fills the intervals between device structurescan really be 
avoided. 

[0037] | t w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



